
 



 

 

 

 

 

ISSN 2181-2438 

VOLUME 1, ISSUE 3 

SEPTEMBER, 2024 

 

 

 

 
jot.tstu.uz 



 

 TASHKENT STATE TRANSPORT UNIVERSITY 

JOURNAL OF TRANSPORT 
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL 

VOLUME 1, ISSUE 3 SEPTEMBER, 2024 

EDITOR-IN-CHIEF 

SAID S. SHAUMAROV 
Professor, Doctor of Sciences in Technics, Tashkent State Transport University 

Deputy Chief Editor 

Miraziz M. Talipov 
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University 

 

 

Founder of the scientific and technical journal “Journal of Transport” – Tashkent State 

Transport University, 100167, Republic of Uzbekistan, Tashkent, Temiryo‘lchilar str., 1,  

office: 465, e-mail: publication@tstu.uz.  

The “Journal of Transport” publishes the most significant results of scientific and applied 

research carried out in universities of transport profile, as well as other higher educational 

institutions, research institutes, and centers of the Republic of Uzbekistan and foreign countries.  

The journal is published 4 times a year and contains publications in the following main 

areas: 

• Business and Management; 

• Economics of Transport; 

• Organization of the Transportation Process and Transport Logistics; 

• Rolling Stock and Train Traction; 

• Infrastructure; 

• Research, Design, and Construction of Railways, Highways, and Airfields: 

Technology and Organization of Construction, Management Problems; 

• Water Supply, Sewerage, Construction Systems for Water Protection; 

• Technosphere Safety; 

• Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio 

Engineering and Communications, Electrical Engineering; 

• Materials Science and Technology of New Materials; 

• Technological Machines and Equipment; 

• Geodesy and Geoinformatics; 

• Car Service; 

• Information Technology and Information Security; 

• Air Traffic Control; 

• Aircraft Maintenance; 

• Traffic Organization; 

• Operation of Railways and Roads; 
 

 

Tashkent State Transport University had the opportunity to publish the scientific-technical 

and scientific innovation publication “Journal of Transport” based on the Certificate No. 1150 of 

the Information and Mass Communications Agency under the Administration of the President of 

the Republic of Uzbekistan. Articles in the journal are published in Uzbek, Russian and English 

languages. 

3  

journals.tstu.uz Research, Innovation, Results 



        September, 2024       8 

        Research, Innovation, Results https://t.me/tdtuilmiynashrlar 

 

  

R. Bozorov, S. Sattorov, Sh. Saidivaliev, D. Boboev,  

Z. Ergasheva 
Modern state and prospects of high-speed passenger train 

movement on the railways of Uzbekistan ………………………..…108 

S. Turdibekov, E. Abdusamatov 

Experimental studies on the selection of spraying parameters of the 

spreader of technological materials and evaluation of their 

results………..................................................................................116 

M. Keldiyarova, S. Ruzimov 

Analysis of energy management strategies for series hybrid electric 

vehicles………................................................................................121 

Sh. Yuldashev, A. Abdunazarov 

Determining the effectiveness of seismic barriers by varying their 

distance from buildings.................................................................124 

M. Rasulmuhamedov, Sh. Shukurova, Z. Mirzaeva 

Formation of problems of elastoplastic deformation of three-

dimensional bodies........................................................................127 

A. Adylkhodjaev, I. Kadyrov, B. Kudratov, D. Azimov 

The effect of a multifunctional additive and a low-activity mineral 

filler on the formation of porosity and microstructure of a cement 

composite………………………..……………………………...….......131 

J. Choriev, E. Fayzullaev, A. Rakhmanov, N. Negmatov 

Evaluation of the impact of automatic transmission vehicles on 

intersection capacity on urban arterial streets…………...….........135 

S. Uktamov, G. Pulatova, G.D. Talipova 

Formation of strategic planning in improving the management 

system of Tashkent State Transport University…………………....140 

I. Toshtemirov, R. Bozorov, D. Boboev 

Checking traffic safety requirements for transportation of oversized 

cargo in railway transport (on 1520 mm railroad tracks)...….....146 

 

 

 

 

 



Journal of Transport               ISSN: 2181-2438               Volume:1|Issue:3|2024 
 

 

 131 September, 2024 

https://t.me/tdtuilmiynashrlar Research, Innovation, Results 
 

The effect of a multifunctional additive and a low-activity mineral filler on the 

formation of porosity and microstructure of a cement composite 
 

A.I. Adylkhodjaev1 a, I.A. Kadyrov1 b, B.Sh. Kudratov1 c, D.T. Azimov1 d 

1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: The article examines the effect of a multifunctional additive and a low-activity mineral filler on the 

formation of porosity and structure of a cement composite. The multifunctional additive includes several 

active components that contribute to improving the properties of the cement matrix, whereas a low-

activity mineral filler is used to regulate microstructure and porosity. In the course of the work, 

experimental studies were carried out, including the analysis of pore morphology and particle distribution 

using X-ray phase and differential thermal methods. Changes in the structure of the cement composite, 

its strength and durability were evaluated depending on the content and ratio of additives. The results 

showed that the combination of a multifunctional additive and a low-activity filler leads to a significant 

improvement in the mechanical properties and controlled porosity of the cement composite, which opens 

up new prospects for the development of more efficient building materials. 

Keywords: complex modified concrete, non-heating technology, low-temperature technology, local raw materials, 

multifunctional additive, mineral filler, modification of concrete mixtures, ecology of construction 

 

 
1. Introduction 

In the construction industry, concrete and reinforced 

concrete structures are the most popular materials, both in 

terms of production volume and technical and economic 

characteristics. Concrete, recognized as the "material of the 

20th century", continues to be the main construction material 

in the 21st century. Modern requirements for construction 

quality emphasize the need to use building materials that are 

not only low in cost and production costs, but also superior 

in performance to existing analogues. 

In recent years, the international construction industry 

has seen the active development of low-energy technologies 

aimed at creating the "concrete of the future" using complex 

modifiers. This innovative approach solves current problems 

such as environmental safety, cost-effectiveness and rational 

use of resources. It also contributes to a significant 

improvement in the strength of concrete, reaching 70% or 

more in the early stages of hardening. Promising solutions 

include the use of complex modifiers, including 

polyfunctional additives and mineral fillers, which open up 

opportunities for the transition to resource-saving low-

heating and non-heating technologies for the production of 

reinforced concrete products. This allows accelerating 

construction processes and obtaining cement composites 

with predetermined properties that meet modern 

requirements for strength, durability and environmental 

sustainability. 

In the Republic of Uzbekistan, where the construction 

industry is developing rapidly, significant results have been 

achieved in the production of complex-modified concrete 

and reinforced concrete structures using highly effective 

additives. This has allowed not only to reduce the cost, but 

also to improve the quality and performance properties of 

cement concrete. The use of complex additives has become 

more effective, which is confirmed by numerous studies 

aimed at improving the reliability and durability of building 

materials. These studies help to increase the service life of 

 
a  https://orcid.org/0000-0001-5729-5178  
b  https://orcid.org/0000-0003-3924-0864  

structures and reduce operating costs. Practical 

recommendations are being developed to significantly 

improve the physical, mechanical and performance 

indicators of such materials. One of the key aspects in 

implementing these tasks is the improvement of existing 

technologies that ensure the grade strength of finished 

products and structures using resource-saving low-heating or 

no-heating methods. This is achieved through the combined 

use of mineral microfillers of technogenic origin and 

polyfunctional chemical additives. This article is devoted to 

the study of the effect of a polyfunctional additive and a low-

activity mineral filler on the formation of porosity and 

microstructure of a cement composite. 

2. Materials and research 
methods used 

In the article, Portland cement CEMI 32.5N from the 

Akhangarancement plant was used as a binder, steelmaking 

waste from the Foundry and Mechanical Plant of JSC Uzbek 

Railways was used as a fine filler, and a new generation of 

highly effective superplasticizer based on polycarboxylate 

esters and ammonia water POLIMIXJBI and 

superplasticizer based on polycarboxylate esters POLIMIX 

from ARMENT CONSTRUCTION CHEMICALS were 

used as a chemical additive. 

To evaluate the pore structure of cement systems, the 

mercury porosimetry method was used on a Thermo 

Scientific Pascal 240 EVO porosimeter. This method 

allowed for a detailed analysis of the distribution of pore 

sizes, total porosity and pore structure of cement stone. The 

porosimetric assessment was carried out on samples 

maintained under standard temperature and humidity 

conditions, which ensured their representativeness. 

Differential thermal analysis was used to study the 

thermal properties of cement stone and assess phase changes 

during hardening. Samples of cement composites containing 

c  https://orcid.org/0000-0003-2603-1334  
d  https://orcid.org/0000-0002-2015-9663  
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different ratios of a polyfunctional additive and a low-

activity mineral filler were prepared for analysis. DTA was 

carried out on samples cooled and dried to a constant weight, 

which made it possible to determine the temperatures of the 

onset and end of phase changes, as well as to analyze the 

effect of additives on the thermal behavior of cement stone. 

X-ray phase analysis was used to study the phase 

composition and crystal structure of cement stone. Samples 

for X-ray phase analysis included cement composites with 

various additives, which allowed us to evaluate the effect of 

a polyfunctional additive and a low-activity mineral filler on 

the formation of hydration phases. X-ray phase analysis was 

performed on powder samples of cement stone, which were 

pre-crushed to a certain particle size and placed under for X-

ray analysis. 

Thus, the use of the indicated research methods made it 

possible to comprehensively evaluate the effect of a 

multifunctional additive and a low-activity mineral filler on 

the porosity and microstructure of cement composites, 

providing valuable information for optimizing the 

composition and improving the characteristics of the cement 

material. 

3. Results and discussions 

To ensure a high strength level of modified cement stone 

with complex additives, a detailed study of its structure and 

phase changes during hardening is required. In this study, 

differential thermal (Fig. 1) and X-ray diffraction (Fig. 2) 

analysis of cement stone samples after 28 days of hardening 

were performed to evaluate the effect of various additives on 

the strength characteristics. As part of the experiment, the 

effect of ettringite phases at late stages of hardening was 

studied in samples with various additives, including fly ash 

(FA) and low-active steelmaking waste (LAW). The analysis 

was carried out for the following compositions: 1) reference 

composition based on Portland cement (PC); 2) PC with the 

addition of FA (30%); 3) PC with the addition of LAW 

(25%). 

 

 
Fig. 1. Thermogram of the studied compositions. (A - 

reference composition from PC; B - PC+ZU (30%); C - 

PC+CDP (25%))

 

 

 
Fig. 2. Diffraction pattern of the studied 

compositions. (A - Reference composition from PC; B - 

PC + ZU (30%); C - PC + SLW (25%)) 

Analysis of Fig. 1 showed that the introduction of 

amorphous silicate into the cement composition contributed 

to a significant decrease in the amount of decomposing 

Ca(OH)2 during heating and increased the formation of new 

compounds due to the influence of amorphous silicon in the 

process of hydration of clinker cement. The greatest decrease 

in the amount of calcium hydroxide was observed in the 

modified composition with ZU, which is obviously 

associated with the active interaction of Ca(OH)2 with 

amorphous SiO2. 

The analysis of diffraction patterns showed that 

amorphous silicate additives reduce the intensity of 

Ca(OH)2. In the control sample (Fig. 2A), the content of 

В 

А 

А 

C 

B 

C 



Journal of Transport               ISSN: 2181-2438               Volume:1|Issue:3|2024 
 

 

 133 September, 2024 

https://t.me/tdtuilmiynashrlar Research, Innovation, Results 
 

Ca(OH)2 was ~29.3%, and in composition No. 3 - ~23.7%. 

In the modified compositions with fly ash, an increase in the 

ettringite phase was observed from 5.8% to 6.6% due to a 

decrease in alkalinity and the formation of 

hydrosulfoaluminate minerals. This trend consists of a 

decrease in the content of Ca(OH)2 in the modified 

compositions compared to the standard, although in the 

compositions with FA the content of bound Ca(OH)2 is 

somewhat higher than in the samples with SLW. 

In our opinion, this is not a disadvantage, since the 

decrease in the content of Ca(OH)2 does not lead to a 

significant decrease in the alkalinity of the cement stone and, 

as a result, the protective properties in relation to steel 

reinforcement in concrete increase significantly. Moreover, 

maintaining the required level of alkalinity of the pore fluid 

also helps to increase the resistance of the composite to 

sulfate and carbonation corrosion. 

Numerous studies of the physical and mechanical 

properties of concrete, such as strength, deformability, 

permeability and frost resistance, have established a 

significant dependence of these characteristics on the size, 

configuration and number of pores in the material. 

To study the porous structure of the studied 

compositions given in Table 4, studies were conducted using 

a Thermo Scientific Pascal 240 EVO mercury porosimeter 

(Table 1). 

Studies of the porous structure of the compositions 

showed that the introduction of a complex additive affects 

the change in concrete porosity. In particular, the total 

porosity of composition No. 3 decreased by 20.25% 

compared to the control sample. The most significant 

decrease in porosity was recorded in composition No. 2, 

where the porosity of the modified composition based on 

NFA and SLW decreased by 30.11% compared to the 

control sample. 

Comparison of the porous structure of different concrete 

compositions showed that the best reduction in all porosity 

indicators was observed in composition No. 2. 

Operation of building structures at variable 

temperatures, including positive and negative values, leads 

to a decrease in the strength characteristics of heavy concrete 

due to thermal deformations and changes in the internal 

structure. One of the key factors affecting the durability of 

concrete is porosity. High porosity promotes water 

absorption, which increases the likelihood of damage during 

freeze-thaw cycles. Concrete with low porosity 

demonstrates better resistance to such effects. 

Table 1 

Indicators of the porous structure of the studied compositions 

Name of indicators Compound №1 
Compound 

№2 
Compound №3 

Specific pore volume (mm3/g): 63,81 46,78 49,24 

Total pore area (m2/g) 6,576 4,908 5,112 

Average pore size (mkm): 0,0388 0,031 0,035 

Total porosity of samples, % 14,91 10,42 11,89 

4. Conclusion 

 X-ray diffraction and differential thermal analysis of 

the studied cement composites confirmed that the use of a 

complex modifier promotes enhanced hydration processes 

and the formation of high-strength calcium hydrosilicate 

compounds, which is associated with the effective binding 

of mineral calcium hydroxide with amorphous silicate. 

These changes lead to improved physical and mechanical 

properties of cement stone. In addition, it was found that the 

use of low-active SLW prevents the formation of the 

ettringite phase by maintaining a certain level of alkalinity 

in the cement composite. These results indicate that complex 

additives can significantly improve the performance 

characteristics of cement stone and contribute to its more 

stable and durable behavior. Analysis of the porosity indices 

of the studied cement composites demonstrated a significant 

decrease in the total porosity in the complex-modified 

composition. In particular, the total porosity of the reference 

composition decreased by 30.11% compared to the control 

composition, while the specific volume decreased by 

26.68%. These results indicate an improvement in density 

and a decrease in porosity due to the use of modifiers. In 

comparison with the composition based on POLIMIX and 

SLW, the total porosity and volume porosity indicators were 

12.3% and 4.9%, respectively. These data confirm the high 

efficiency of using NFA and SLW in reducing porosity and 

improving the structural properties of cement composites. 
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